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I. Temperature validation i) Comparison to homogeneous nucleation rates:
Assuming that the isothermal compressibility (T) would follow the apparent power law that is given by Speedy and Angell 1 which is shown as black dashed line in Figure 2 (a) of the main script, we would expect the lowest temperature that was measured in the experiment to be ≈234 K instead of the reported 227.7 K. We estimate the probability of a homogeneous nucleation event to occur inside a droplet before it is hit by an x-ray pulse by
where hom is the number of droplets which froze homogeneously, is the total number of solid and liquid droplets, V is the volume of a water droplet, hom ( ( )) = exp(−2.92 ( ) + 706.5)cm
is the temperature-dependent homogenous nucleation rate reported by Murray et al.
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, ( ) is the time-dependent droplet temperature and max is the lifetime of the droplet before it is hit by an x-ray pulse. The integral in the exponent is due to the droplet temperature changing during evaporation. We note that the change in droplet volume due to evaporation is much smaller than the experimentally observed uncertainty in the droplet diameter and its effect on the nucleation probability is neglected.
For the calculation, we assumed the droplet temperature to follow the temperature profile that is obtained by Knudsen theory of evaporation but rescaled to the hypothetically lowest temperature of 234 K. For the experimental condition of a 14 m droplet with a lifetime of 4 ms, we obtain a nucleation probability of ≈0.15%. This means that we would expect Bragg peaks from ice in only 1 out of ≈650 recorded scattering patterns in case the lowest temperature would be 234 K. This is in conflict with the experimental observations where almost all droplets were frozen at the lowest temperature. has validated the applicability of Knudsen theory of evaporative cooling to supercooled water microdroplets, although claiming that the temperatures in a previous study using x-ray laser in a similar fashion as in the current study may be underestimated. Microscopically, T is directly related to the volume fluctuations (V) in the liquid by
The influence on T of these fluctuations can be divided into a normal and an anomalous contribution, even though there is no strict division based on thermodynamic grounds. The normal component is related to thermally induced fluctuations that exist in any liquid and decreases with decreasing temperature, whereas the anomalous component of T is attributed to structural changes between HDL and LDL and therefore increases with decreasing temperature 8, 9 . Figure S2 (a) shows the experimental T and its minimum around 319 K. Usually, a normal component is subtracted from T in order to obtain a monotonic decrease with temperature in the remaining anomalous part of T, which then can be fitted by a power law.
In other studies 6, 7 , the normal component for T has been approximated based on the influence of small impurities in the liquid. Here we estimate the normal and anomalous components directly from the fitting of the SAXS structure factor, that is divided into a normal contribution from a hard-sphere fluid and an anomalous contribution described by
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Ornstein-Zernike theory. For detailed description of the fitting of the SAXS structure factor, see Refs. [3, 10] .
The decomposition of  T into normal and anomalous contributions is an approximation and depends on the approach that is used, as shown in Figure S2 . As a consequence, also the apparent power-law fits and corresponding critical exponents differ for the different approaches. We find a large variance in the critical exponent of  = 1.3 and  = 2.1 for the anomalous components after decomposition suggested by Refs. [6, 7] and decomposition using the SAXS structure factor, respectively. Therefore, we decided not to decompose T into a normal and anomalous contribution and instead use a limited temperature range for the power-law analysis, where T shows a monotonous decrease with temperature. We found reliable power-law fits of T for temperatures up to 300 K which supports the use of the entire experimental data set of Ref. [3] , which was measured up to 281 K.
